Targeting and Treatment of Tumor Hypoxia by Newly Designed Prodrug Possessing High Permeability in Solid Tumors.
Tumor hypoxia, which is associated with poor prognosis in cancer, is known to lead to resistance to radiotherapy and anticancer chemotherapy. Impaired drug penetration in hypoxic regions has been recognized as an essential barrier to drug development in solid tumors. Here, we propose novel hypoxia-activated prodrugs, which drastically improved the penetration property of commonly used anticancer drugs in the hypoxic region. In this design, conventional anticancer drugs were modified with 2-nitroimidazole derivatives. The most important point of this study was that the prodrug designed formed a 6-membered cyclic structure to allow liberation of the active drug in the hypoxic region. This design markedly increased the selectivity of the hypoxia-targeted prodrug, resulting in significant reduction of adverse effects in the normoxic region. In vitro studies confirmed the selective activation under hypoxic conditions. In vivo studies showed drastic reduction of adverse effects associated with conventional anticancer drugs and improvement of the survival rate of mice. Immunofluorescence analyses confirmed that the designed prodrug had a tendency to localize at the hypoxic region, in contrast to conventional anticancer drugs, which localize only at the normoxic region.